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(57) ABSTRACT

The working fluid composition for a refrigerating machine of
the invention is characterized by comprising an ester of a
polyhydric alcohol and a fatty acid with a content of a C5-C9
branched fatty acid of 50-100% by mole, and a fluoropropene
refrigerant and/or trifluoroiodomethane refrigerant. The
refrigerating machine oil of the invention is characterized by
comprising an ester of a polyhydric alcohol and a fatty acid
with a content of a C5-C9 branched fatty acid of 50-100% by
mole, and by being used together with a fluoropropene refrig-
erant and/or trifluoroiodomethane refrigerant.
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REFRIGERATOR OIL AND WORKING FLUID
COMPOSITION FOR REFRIGERATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase application of Interna-
tional Application No. PCT/JP2008/053182, filed Feb. 25,
2008, and claims the priority of Japanese Application Nos.
2007-047592, filed Feb. 27, 2007; 2007-221519, filed Aug.
28, 2007, and 2007-280594, filed Oct. 29, 2007, the contents
of all of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a refrigerating machine oil
and to a working fluid composition for a refrigerating
machine.

BACKGROUND ART

In light of the problem of 0zone layer depletion which is of
note in recent years, the restrictions on CFCs (chlorofiuoro-
carbons) and HCFCs (hydrochlorofluorocarbons) that are
used as refrigerants in conventional refrigerating machines
have become more stringent, and HFCs (hydrofluorocarbons)
are coming into use as substitute refrigerants.

Mineral oils or hydrocarbon oils such as alkylbenzene are
preferably used as refrigerating machine oils when CFCs or
HCFCs are the refrigerants, but since changing the refrigerant
can cause the refrigerating machine oil used with it to exhibit
unpredictable behavior in terms of its compatibility with the
refrigerant, lubricity, dissolved viscosity with the refrigerant
and thermal and chemical stability, it has been necessary to
develop different refrigerating machine oils for different
refrigerants. Examples of refrigerating machine oils that have
been developed for HFC refrigerants include polyalkylene
glycols (see Patent document 1), esters (see Patent document
2), carbonic acid esters (see Patent document 3) and polyvinyl
ethers (see Patent document 4).

HFC-134a is an HFC refrigerant that is routinely used as a
refrigerant for automobile air conditioners, and while it has an
ozone depletion potential (ODP) of zero, its high global
warming potential (GWP) has led to its restriction in Europe.
Ithas therefore become an urgent issue to develop refrigerants
that can be used as substitutes for HFC-134a.

In light of this background it has been proposed to use, as
substitute refrigerants for HFC-134a, fluoropropene refriger-
ants which have very low ODP and GWP, are noncombustible
and are comparable or superior to HFC-134a in terms of their
thermodynamic properties, as a measure of refrigerant per-
formance. There has also been proposed the use of refrigerant
mixtures of fluoropropene with saturated hydrofluorocar-
bons, C3-C5 saturated hydrocarbons, dimethyl ether, carbon
dioxide, bis(trifluoromethyl)sulfide or trifluoroiodomethane
(see Patent document 5).

In addition, there have been proposed refrigerating
machine oils that employ mineral oils, alkylbenzenes, poly
a-olefins, polyalkyleneglycols, monoesters, diesters, polyol
esters, phthalic acid esters, alkyl ethers, ketones, carbonic
acid esters, polyvinyl ethers and the like, as refrigerating
machine oils that can be used with fluoropropene refrigerants
or refrigerant mixtures of fluoropropene and saturated
hydrofiuorocarbons, C3-C5 saturated hydrocarbons, dim-
ethyl ether, carbon dioxide, bis(trifluoromethyl)sulfide or tri-
fluoroiodomethane (see Patent documents 5-7).
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[Patent document 1] Japanese Unexamined Patent Publica-
tion HEI No. 02-242888

[Patent document 2] Japanese Unexamined Patent Publica-
tion HEI No. 03-200895

[Patent document 3] Japanese Unexamined Patent Publica-
tion HEI No. 03-217495

[Patent document 4] Japanese Unexamined Patent Publica-
tion HEI No. 06-128578

[Patent document 5] International Patent Publication No.
W02006/094303

[Patent document 6] Japanese Patent Public Inspection No.
2006-512426

[Patent document 7] International Patent Publication No.
W02005/103190

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Inarefrigeration system employing a fluoropropene refrig-
erant and/or a trifluoroiodomethane refrigerant, as described
in Patent documents 5, 6 and 7, the refrigerating machine oil
employed may be a mineral oil or a hydrocarbon such as an
alkylbenzene which is used in CFCs or HCFCs or a polyalky-
lene glycol, polyol ester or polyvinyl ether which is used in
HFCs. Based on investigation by the present inventors, how-
ever, it is not possible to achieve a high level of refrigerant
compatibility and thermal/chemical stability simply by
applying conventional refrigerating machine oils used for
refrigerants such as CFCs and HCFCs in the systems men-
tioned above.

It is therefore an object of the present invention, which has
been accomplished in light of these circumstances, to provide
a refrigerating machine oil and a working fluid composition
for a refrigerating machine, which can achieve a high level of
both refrigerant compatibility and thermal/chemical stability
in refrigeration systems employing fluoropropene refriger-
ants and/or trifluoroiodomethane refrigerants.

Means for Solving the Problems

As a result of much diligent research directed toward
achieving the object stated above, the present inventors have
found that by using an ester of a fatty acid having a specific
fatty acid composition and a polyhydric alcohol, it is possible
to obtain a refrigerating machine oil with sufficient thermal/
chemical stability in the co-presence of a fluoropropene
refrigerant and/or trifluoroiodomethane refrigerant, and hav-
ing sufficient compatibility with refrigerants, and the inven-
tion has been completed upon this finding.

Specifically, the invention provides a working fluid com-
position for a refrigerating machine characterized by com-
prising an ester of a polyhydric alcohol and a fatty acid with
a content of a C5-C9 branched fatty acid of 50-100% by mole,
and a fluoropropene refrigerant and/or trifluoroiodomethane
refrigerant.

The invention further provides a refrigerating machine oil
characterized by comprising an ester of a polyhydric alcohol
and a fatty acid with a content of a C5-C9 branched fatty acid
of 50-100% by mole, and by being used together with a
fluoropropene refrigerant and/or trifluoroiodomethane refrig-
erant.

The working fluid composition for a refrigerating machine
of'the invention preferably contains at least one selected from
among 1,3,3,3-tetrafluoropropene (HFO-1234z¢) and 2,3.3,
3-tetrafluoropropene (HFO-1234yf) as the fluoropropene
refrigerant.
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The working fluid composition for a refrigerating machine
of the invention also preferably contains at least one fluoro-
propene refrigerant (hereinafter referred to as “refrigerant
(A)”) and at least one selected from among saturated hydrof-
Iuorocarbons, C3-C5 hydrocarbons, dimethyl ether, carbon
dioxide, bis(trifluoromethyl)sulfide and trifluor-
oiodomethane refrigerants (hereinafter referred to as “refrig-
erant (B)”).

In a refrigerant mixture comprising refrigerant (A) and
refrigerant (B), the fluoropropene refrigerant is preferably at
least one selected from among 1,2,3,3,3-pentafluoropropene
(HFC-1225ye), 1,3,3,3-tetrafluoropropene (HFC-1234ze),
2,3,3,3-tetrafluoropropene (HFC-1234yf), 1,2,3,3-tetrafluo-
ropropene (HFC1234ye) and 3,3,3-trifluoropropene (HFC-
1243z71);

the saturated hydrofluorocarbon is preferably at least one
selected from among difluoromethane (HFC-32), pentafiuo-
roethane (HFC-125), 1,1,2,2-tetrafluoroethane (HFC-134),
1,1,1,2-tetrafluoroethane (HFC-134a), 1,1-difluoroethane
(HFC-152a), fluoroethane (HFC-161), 1,1,1,2,3,3,3-hep-
tafluoropropane (HFC-227ea), 1,1,1,2,3,3-hexafluoropro-
pane (HFC-236ea), 1,1,1,3,3,3-hexafluoropropane (HFC-
236fa), 1,1,1,3,3-pentafluoropropane (HFC-245fa)and 1,1,1,
3,3-pentafluorobutane (HFC-365mfc); and

the C3-CS5 hydrocarbon is preferably at least one selected
from among propane, n-butane, isobutane, 2-methylbutane
and n-pentane.

Effect of the Invention

As mentioned above, the present invention can provide a
refrigerating machine oil and a working fluid composition for
a refrigerating machine, which can achieve a high level of
both refrigerant compatibility and thermal/chemical stability
in refrigeration systems employing fluoropropene refriger-
ants and/or trifluoroiodomethane refrigerants.

BEST MODE FOR CARRYING OUT THE
INVENTION

Preferred embodiments of the invention will now be
described in detail.

The refrigerating machine oil of the invention is character-
ized by comprising an ester of a polyhydric alcohol and a fatty
acid with a content of a C5-C9 branched fatty acid of
50-100% by mole, and by being used together with a fluoro-
propene refrigerant and/or trifluoroiodomethane refrigerant.

Specifically, the invention provides a working fluid com-
position for a refrigerating machine characterized by com-
prising an ester of a polyhydric alcohol and a fatty acid with
a content ofa C5-C9 branched fatty acid of 50-100% by mole,
and a fluoropropene refrigerant and/or trifluoroiodomethane
refrigerant. This includes a mode wherein the working fluid
composition for a refrigerating machine of the invention com-
prises a refrigerating machine oil of the invention and a fluo-
ropropene refrigerant and/or trifluoroiodomethane refriger-
ant.

The refrigerating machine oil and working fluid composi-
tion for a refrigerating machine of the invention comprise an
ester of a polyhydric alcohol and a fatty acid with a content of
a C5-C9 branched fatty acid of 50-100% by mole (hereinafter
referred to as “polyol ester according to the invention™).

The proportion of C5-C9 branched fatty acids in the fatty
acid of the polyol ester according to the invention (hereinafter
referred to as “constituent fatty acid”) is 50-100% by mole as
mentioned above, but it is preferably 60-100% by mole, more
preferably 70-100% by mole, even more preferably 90-100%
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4

by mole and most preferably 100% by mole. If the C5-C9
branched fatty acid content is less than 50% by mole, the
thermal/chemical stability and refrigerant compatibility will
be insufficient in the copresence of a fluoropropene refriger-
ant and/or triffuoroiodomethane refrigerant.

As specific C5-C9 branched fatty acids there may be men-
tioned branched pentanoic acids, branched hexanoic acids,
branched heptanoic acids, branched octanoic acids and
branched nonanoic acids. More specifically, fatty acids
branched at the a.- and/or f-position are preferred, with 2-me-
thylbutanoic acid, 2-methylpentanoic acid, 2-methylhex-
anoic acid, 2-ethylpentanoic acid, 2-methylheptanoic acid,
2-ethylhexanoic acid and 3,5,5-trimethylhexanoic acid being
especially preferred and mixtures of 2-ethylhexanoic acid
and 3,5,5-trimethylhexanoic acid being most preferred.

The constituent fatty acids may include only branched fatty
acids or they may be mixtures of branched fatty acids and
straight-chain fatty acids, so long as the aforementioned con-
dition of the C5-C9 branched fatty acid content is satisfied.
The constituent fatty acids may also contain fatty acids other
than C5-C9 branched fatty acids. As examples of fatty acids
other than C5-C9 branched fatty acids there may be men-
tioned C5-C24 straight-chain fatty acids and C10-C24
branched fatty acids, and more specifically straight-chain or
branched decanoic acid, straight-chain or branched unde-
canoic acid, straight-chain or branched dodecanoic acid,
straight-chain or branched tridecanoic acid, straight-chain or
branched tetradecanoic acid, straight-chain or branched pen-
tadecanoic acid, straight-chain or branched hexadecanoic
acid, straight-chain or branched heptadecanoic acid, straight-
chain or branched octadecanoic acid, straight-chain or
branched nonadecanoic acid, straight-chain or branched
eicosanoic acid, straight-chain or branched heneicosanoic
acid, straight-chain or branched docosanoic acid, straight-
chain or branched tricosanoic acid, straight-chain or
branched tetracosanoic acid, straight-chain pentanoic acid,
straight-chain hexanoic acid, straight-chain heptanoic acid,
straight-chain octanoic acid, straight-chain nonanoic acid and
the like.

The polyhydric alcohol in the polyol ester according to the
invention is preferably a polyhydric alcohol with 2 to 6
hydroxyl groups.

As specific examples of dihydric alcohols (diols) there may
be mentioned ethylene glycol, 1,3-propanediol, propylene
glycol, 1,4-butanediol, 1,2-butanediol, 2-methyl-1,3-pro-
panediol, 1,5-pentanediol, neopentyl glycol, 1,6-hexanediol,
2-ethyl-2-methyl-1,3-propanediol, 1,7-heptanediol, 2-me-
thyl-2-propyl-1,3-propanediol, 2,2-diethyl-1,3-propanediol,
1,8-octanediol, 1,9-nonanediol, 1,10-decanediol, 1,11-unde-
canediol, 1,12-dodecanediol and the like. As specific
examples of trihydric and greater alcohols there may be men-
tioned polyhydric alcohols such as trimethylolethane, trim-
ethylolpropane, trimethylolbutane, di-(trimethylolpropane),
tri-(trimethylolpropane), pentaerythritol, di-(pentaerythri-
tol), tri-(pentaerythritol), glycerin, polyglycerin (glycerin
2-3mers), 1,3,5-pentanetriol, sorbitol, sorbitan, sorbitolglyc-
erin condensation products, adonitol, arabitol, xylitol, man-
nitol and the like, saccharides such as xylose, arabinose,
ribose, rhamnose, glucose, fructose, galactose, mannose, sor-
bose and cellobiose, and partial etherified forms thereof. Pre-
ferred among these are hindered alcohols such as neopentyl
glycol, trimethylolethane, trimethylolpropane, trimethy-
lolbutane, di-(trimethylolpropane), tri-(trimethylolpropane),
pentaerythritol and di-(pentaerythritol).

A polyol ester according to the invention may be a partial
ester with a portion of the hydroxyl groups of the polyhydric
alcohol remaining as hydroxyl groups without esterification,
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a complete ester with all of the hydroxyl groups esterified, or
a mixture of a partial ester and a complete ester, but the
hydroxyl number is preferably not greater than 10 mgKOH/g,
even more preferably not greater than 5 mgKOH/g and most
preferably not greater than 3 mgKOH/g.

For more excellent hydrolytic stability, the polyol ester
according to the invention is more preferably an ester of a
hindered alcohol such as neopentyl glycol, trimethylolethane,
trimethylolpropane, trimethylolbutane, di-(trimethylolpro-
pane), tri-(trimethylolpropane), pentaerythritol, di-(pen-
taerythritol) or tri-(pentaerythritol), even more preferably an
ester of neopentyl glycol, trimethylolethane, trimethylolpro-
pane, trimethylolbutane or pentaerythritol, even more prefer-
ably an ester of pentaerythritol, trimethylolpropane or neo-
pentyl glycol, and most preferably an ester of pentaerythritol
or of a pentaerythritol and di-(pentaerythritol) mixed ester,
because of their especially superior compatibility with refrig-
erants and hydrolytic stability.

The refrigerating machine oil and working fluid composi-
tion for a refrigerating machine of the invention may contain,
as the polyol ester according to the invention, a single polyol
ester with a single structure, or a mixture of two or more
polyol esters with different structures.

The polyol ester according to the invention may be an ester
of one fatty acid and one polyhydric alcohol, an ester of two
ormore fatty acids and one polyhydric alcohol, an ester of one
fatty acid and two or more polyhydric alcohols, or an ester of
two or more fatty acids and two or more polyhydric alcohols.
Ofthese, polyol esters employing mixed fatty acids and espe-
cially polyol esters comprising two or more fatty acids in the
ester molecule, are particularly preferred because they have
excellent low-temperature characteristics and compatibility
with refrigerants.

There are no particular restrictions on the content of the
polyol ester according to the invention in a refrigerating
machine oil of the invention, but for more excellent perfor-
mance including lubricity, refrigerant compatibility, thermal/
chemical stability and electrical insulating properties, the
content is preferably at least 50% by mass, more preferably at
least 70% by mass, even more preferably at least 80% by mass
and most preferably at least 90% by mass, based on the total
amount of the refrigerating machine oil.

The refrigerating machine oil of the invention may consist
entirely of a polyol ester according to the invention, or it may
further contain a base oil other than the polyol ester, and
various additives. The working fluid composition for a refrig-
erating machine of the invention may also further contain a
base oil other than the polyol ester according to the invention,
and various additives. In the explanation which follows, the
contents of the base oils other than polyol esters according to
the invention and of the additives are given based on the total
amount of the refrigerating machine oil, and the contents of
these components in the refrigerating machine fluid compo-
sition are preferably selected to be within the preferred ranges
specified below, based on the total amount of refrigerating
machine oil.

As base oils other than the polyol ester according to there
may be used hydrocarbon-based oils including mineral oils,
olefin polymers, naphthalene compounds, alkylbenzenes and
the like, esteric base oils other than polyol esters according to
(monoesters, and polyol esters containing only straight-chain
fatty acids as constituent fatty acids), and oxygen-containing
synthetic oils such as polyglycols, polyvinyl ethers, ketones,
polyphenyl ethers, silicones, polysiloxanes and perfluoroet-
hers. Preferred oxygen-containing synthetic oils among these
are polyglycols, polyvinyl ethers and ketones.
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If necessary, the refrigerating machine oil of the invention
may be used in a form that further contains various additives.
In the explanation which follows, the additive contents are
given based on the total amount of the refrigerating machine
oil composition, and the contents of these components in the
refrigerating machine fluid composition are preferably
selected to be within the preferred ranges specified below,
based on the total amount of the refrigerating machine oil
composition.

In order to further enhance the antiwear property and load
carrying capacity of the refrigerating machine oil and the
working fluid composition for a refrigerating machine of the
invention there may be added one or more phosphorus com-
pounds selected from the group consisting of phosphoric acid
esters, acidic phosphoric acid esters, thiophosphoric acid
esters, acidic phosphoric acid ester amine salts, chlorinated
phosphoric acid esters and phosphorous acid esters. These
phosphorus compounds are esters of phosphoric acid or phos-
phorous acid with alkanols or polyether alcohols, or deriva-
tives thereof.

As specific examples of phosphoric acid esters there may
be mentioned tributyl phosphate, tripentyl phosphate, tri-
hexyl phosphate, triheptyl phosphate, trioctyl phosphate,
trinonyl phosphate, tridecyl phosphate, triundecyl phosphate,
tridodecyl phosphate, tritridecyl phosphate, tritetradecyl
phosphate, tripentadecyl phosphate, trihexadecyl phosphate,
triheptadecyl phosphate, trioctadecyl phosphate, trioleyl
phosphate, triphenyl phosphate, tricresyl phosphate, trixyle-
nyl phosphate, cresyldiphenyl phosphate, xylenyldiphenyl
phosphate and the like.

As acidic phosphoric acid esters there may be mentioned
monobutyl acid phosphate, monopentyl acid phosphate,
monohexyl acid phosphate, monoheptyl acid phosphate,
monooctyl acid phosphate, monononyl acid phosphate,
monodecyl acid phosphate, monoundecyl acid phosphate,
monododecyl acid phosphate, monotridecyl acid phosphate,
monotetradecyl acid phosphate, monopentadecyl acid phos-
phate, monohexadecyl acid phosphate, monoheptadecyl acid
phosphate, monooctadecyl acid phosphate, monooleyl acid
phosphate, dibutyl acid phosphate, dipentyl acid phosphate,
dihexyl acid phosphate, diheptyl acid phosphate, dioctyl acid
phosphate, dinonyl acid phosphate, didecyl acid phosphate,
diundecyl acid phosphate, didodecyl acid phosphate, ditride-
cyl acid phosphate, ditetradecyl acid phosphate, dipentadecyl
acid phosphate, dihexadecyl acid phosphate, diheptadecyl
acid phosphate, dioctadecyl acid phosphate, dioleyl acid
phosphate and the like.

As thiophosphoric acid esters there may be mentioned
tributyl phosphorothionate, tripentyl phosphorothionate, tri-
hexyl phosphorothionate, triheptyl phosphorothionate, trio-
ctyl phosphorothionate, trinonyl phosphorothionate, tridecyl
phosphorothionate, triundecyl phosphorothionate, tridodecyl
phosphorothionate, tritridecyl phosphorothionate, tritetrade-
cyl phosphorothionate, tripentadecyl phosphorothionate, tri-
hexadecyl phosphorothionate, triheptadecyl phosphorothion-
ate, trioctadecyl phosphorothionate, trioleyl
phosphorothionate, triphenyl phosphorothionate, tricresyl
phosphorothionate, trixylenyl phosphorothionate, cresyl-
diphenyl phosphorothionate, xylenyldiphenyl phospho-
rothionate and the like.

As amine salts of acidic phosphoric acid esters there may
be mentioned salts of amines such as methylamine, ethy-
lamine, propylamine, butylamine, pentylamine, hexylamine,
heptylamine, octylamine, dimethylamine, diethylamine,
dipropylamine, dibutylamine, dipentylamine, dihexylamine,
diheptylamine, dioctylamine, trimethylamine, triethylamine,
tripropylamine, tributylamine, tripentylamine, trihexy-
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lamine, triheptylamine and trioctylamine, of the aforemen-
tioned acidic phosphoric acid esters.

As chlorinated phosphoric acid esters there may be men-
tioned Tris-dichloropropyl phosphate, Tris-chloroethyl phos-
phate, Tris-chlorophenyl phosphate, polyoxyalkylene-bis[di
(chloroalkyl)[phosphate and the like. As phosphorous acid
esters there may be mentioned dibutyl phosphite, dipentyl
phosphite, dihexyl phosphite, diheptyl phosphite, dioctyl
phosphite, dinonyl phosphite, didecyl phosphite, diundecyl
phosphite, didodecyl phosphite, dioleyl phosphite, diphenyl
phosphite, dicresyl phosphite, tributyl phosphite, tripentyl
phosphite, trihexyl phosphite, triheptyl phosphite, trioctyl
phosphite, trinonyl phosphite, tridecyl phosphite, triundecyl
phosphite, tridodecyl phosphite, trioleyl phosphite, triphenyl
phosphite, tricresyl phosphite and the like. Mixtures of the
above compounds may also be used.

When the refrigerating machine oil and working fluid com-
position for a refrigerating machine of the invention contains
such phosphorus compounds, the phosphorus compound
content is not particularly restricted but is preferably 0.01-
5.0% by mass and more preferably 0.02-3.0% by mass based
on the total amount of the refrigerating machine oil (the total
amount of the base oil and all of the additives). A single
phosphorus compound may be used or two or more may be
used in combination.

In order to further improve the thermal/chemical stability
of the refrigerating machine oil and working fluid composi-
tion for a refrigerating machine of the invention, it may con-
tain one or more epoxy compounds selected from among
phenylglycidyl ether-type epoxy compounds, alkylglycidyl
ether-type epoxy compounds, glycidyl ester-type epoxy com-
pounds, allyloxirane compounds, alkyloxirane compounds,
alicyclic epoxy compounds, epoxidated fatty acid
monoesters and epoxidated vegetable oils.

Specific examples of phenylglycidyl ether-type epoxy
compounds include phenylglycidyl ethers and alkylphenylg-
lycidyl ethers. An alkylphenylglycidyl ether is one having
one to three C1-C13 alkyl groups, and preferred examples
with one C4-C10 alkyl group include n-butylphenylglycidyl
ether, i-butylphenylglycidyl ether, sec-butylphenylglycidyl
ether, tert-butylphenylglycidyl ether, pentylphenylglycidyl
ether, hexylphenylglycidyl ether, heptylphenylglycidyl ether,
octylphenylglycidyl ether, nonylphenylglycidyl ether and
decylphenylglycidyl ether.

Specific examples of alkylglycidyl ether-type epoxy com-
pounds include decylglycidyl ether, undecylglycidyl ether,
dodecylglycidyl ether, tridecylglycidyl ether, tetradecylgly-
cidyl ether, 2-ethylhexylglycidyl ether, neopentylglycol dig-
lycidyl ether, trimethylolpropanetriglycidyl ether, pen-
taerythritoltetraglycidyl ether, 1,6-hexanediol diglycidyl
ether, sorbitolpolyglycidyl ether, polyalkyleneglycol
monoglycidyl ethers, polyalkyleneglycol diglycidyl ethers
and the like.

As specific examples of glycidyl ester-type epoxy com-
pounds there may be mentioned phenylglycidyl esters, alky-
Iglycidyl esters and alkenylglycidyl esters, among which pre-
ferred examples include glycidyl-2,2-dimethyl octanoate,
glycidyl benzoate, glycidyl acrylate and glycidyl methacry-
late.

Specific examples of allyloxirane compounds include 1,2-
epoxystyrene and alkyl-1,2-epoxystyrene.

Specific examples of alkyloxirane compounds include 1,2-
epoxybutane, 1,2-epoxypentane, 1,2-epoxyhexane, 1,2-ep-
oxyheptane, 1,2-epoxyoctane, 1,2-epoxynonane, 1,2-epoxy-

decane, 1,2-epoxyundecane, 1,2-epoxydodecane, 1,2-
epoxytridecane, 1,2-epoxytetradecane, 1,2-
epoxypentadecane, 1,2-epoxyhexadecane, 1,2-
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epoxyheptadecane, 1,1,2-epoxyoctadecane,
2-epoxynonadecane and 1,2-epoxyeicosane.

Specific examples of alicyclic epoxy compounds include
1,2-epoxycyclohexane, 1,2-epoxycyclopentane, 3,4-epoxy-
cyclohexylmethyl-3,4-epoxycyclohexane carboxylate, bis(3,
4-epoxycyclohexylmethyl)adipate, exo-2,3-epoxynorbor-
nane, bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate,
2-(7-oxabicyclo[4.1.0]hept-3-y1)-spiro(1,3-dioxane-5,3'-[7]
oxabicyclo[4.1.0]heptane, 4-(1'-methylepoxyethyl)-1,2-ep-
oxy-2-methylcyclohexane, 4-epoxyethyl-1,2-epoxycyclo-
hexane and the like.

Specific examples of epoxidated fatty acid monoesters
include epoxidated esters of C12-C20 fatty acids and C1-C8
alcohols, phenols or alkylphenols. Most preferably used are
butyl, hexyl, benzyl, cyclohexyl, methoxyethyl, octyl, phenyl
and butylphenyl esters of epoxystearic acid.

Specific examples of epoxidated vegetable oils include
epoxy compounds of vegetable oils such as soybean oil, lin-
seed oil and cottonseed oil.

Preferred among these epoxy compounds are phenylgly-
cidyl ether-type epoxy compounds, glycidyl ester-type epoxy
compounds, alicyclic epoxy compounds and epoxidated fatty
acid monoesters. More preferred among these are phenylgly-
cidyl ether-type epoxy compounds and glycidyl ester-type
epoxy compounds, with phenylglycidyl ether, butylphenylg-
lycidyl ether, alkylglycidyl ester or mixtures thereof being
especially preferred.

When the refrigerating machine oil and working fluid com-
position for a refrigerating machine of the invention contains
such epoxy compounds, the epoxy compound content is not
particularly restricted but is preferably 0.1-5.0% by mass and
more preferably 0.2-2.0% by mass based on the total amount
of the refrigerating machine oil. A single epoxy compound
may be used, or two or more may be used in combination.

In order to further increase the performance of the refrig-
erating machine oil and working fluid composition for a
refrigerating machine of the invention, conventionally known
refrigerating machine oil additives may be included as nec-
essary. As examples of such additives there may be mentioned
phenol-based antioxidants such as di-tert-butyl-p-cresol and
bisphenol A, amine-based antioxidants such as phenyl-a-
naphthylamine and N,N-di(2-naphthyl)-p-phenylenedi-
amine, antiwear agents such as zinc dithiophosphate,
extreme-pressure agents such as chlorinated paraffins and
sulfur compounds, oiliness agents such as fatty acids, sili-
cone-based and other types of antifoaming agents, metal
deactivators such as benzotriazoles, viscosity index improv-
ers, pour point depressants, detergent dispersants and the like.
Such additives may be used alone or in combinations of two
or more. There are no particular restrictions on the content of
such additives, but it is preferably not greater than 10% by
mass and more preferably not greater than 5% by mass based
on the total amount of the refrigerating machine oil.

The kinematic viscosity of the refrigerating machine oil of
the invention is not particularly restricted, but the kinematic
viscosity at 40° C. is preferably 3-1000 mm?/s, more prefer-
ably 4-500 mm?®/s and most preferably 5-400 mm?/s. The
kinematic viscosity at 100° C. is preferably 1-100 mm?®/s and
more preferably 2-50 mm?/s.

The volume resistivity of the refrigerating machine oil of
the invention is also not particularly restricted, but is prefer-
ably 1.0x10'Q-cm or greater, more preferably 1.0x
10"*Q-cm or greater and most preferably 1.0x10"*Q-cm or
greater. High electrical insulating properties will usually be
required for use in hermetic type refrigerating machines.
According to the invention, the volume resistivity is the value
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measured according to JIS C 2101, “Testing methods of elec-
trical insulation oils”, at 25° C.

The moisture content of the refrigerating machine oil of the
invention is not particularly restricted but is preferably not
greater than 200 ppm, more preferably not greater than 100
ppm and most preferably not greater than 50 ppm based on the
total amount of the refrigerating machine oil. A lower mois-
ture content is desired from the viewpoint of effect on the
thermal/chemical stability and electrical insulating properties
of'the refrigerating machine oil, especially for use in hermetic
type refrigerating machines.

The acid value of the refrigerating machine oil of the inven-
tion is also not particularly restricted, but in order to prevent
corrosion of metals used in the refrigerating machine or pip-
ings, and in order to prevent decomposition of the ester in the
refrigerating machine oil of the invention, it is preferably not
greater than 0.1 mgKOH/g and more preferably not greater
than 0.05 mgKOH/g. According to the invention, the acid
value is the value measured based on JIS K2501, “Petroleum
products and lubricants-Determination of neutralization
number”.

The ash content of the refrigerating machine oil of the
invention is not particularly restricted, but in order to increase
the thermal/chemical stability of the refrigerating machine oil
of the invention and inhibit generation of sludge, it is prefer-
ably not greater than 100 ppm and more preferably not greater
than 50 ppm. According to the invention, the ash content is the
value measured based on JIS K2272,; “Crude oil and petro-
leum products-Determination of ash and sulfates ash™.

The refrigerating machine oil of the invention is used
together with a fluoropropene refrigerant and/or trifluor-
oiodomethane refrigerant, and the working fluid composition
for a refrigerating machine of the invention comprises a fluo-
ropropene refrigerant and/or a trifluoroiodomethane refriger-
ant. The refrigerant used for the invention may consist of
either a fluoropropene refrigerant or triffuoroiodomethane
refrigerant alone, or it may be a refrigerant mixture compris-
ing a fluoropropene refrigerant and a trifluoroiodomethane
refrigerant.

Preferred fluoropropene refrigerants are fluoropropenes
with 3-5 fluorine atoms, among which one or mixtures of two
or more from among 1,2,3,3,3-pentafluoropropene (HFC-
1225ye), 1,3,3,3-tetrafluoropropene (HFC-1234ze), 2,3,3,3-
tetrafluoropropene (HFC-1234yf), 1,2,3,3-tetratfluoropro-
pene (HFC-1234ye) and 3,3,3-trifluoropropene (HFC-
1243z7f) are preferred. From the viewpoint of refrigerant
properties, it is preferred to use one or more selected from
among HFC-1225ye, HFC-1234ze and HFC-1234yf.

The refrigerant used for the invention may also be a refrig-
erant mixture comprising a fluoropropene refrigerant and a
trifluoroiodomethane refrigerant with another refrigerant. As
other refrigerants there may be mentioned HFC refrigerants,
fluorinated ether-based refrigerants such as perfluoroethers,
dimethyl ether, and natural refrigerants including ammonia,
hydrocarbons and the like.

As HFC refrigerants there may be mentioned C1-C3 and
preferably C1-C2 hydrofluorocarbons. As specific examples
there may be mentioned difluoromethane (HFC-32), trifluo-
romethane (HFC-23), pentafluoroethane (HFC-125), 1,1,2,2-
tetrafluoroethane  (HFC-134), 1,1,1,2-tetrafluoroethane
(HFC-134a), 1,1,1-trifluoroethane (HFC-143a), 1,1-difluo-
roethane (HFC-152a), fluoroethane (HFC-161), 1,1,1,2,3.3,
3-heptafluoropropane (HFC-227ea), 1,1,1,2,3,3-hexafluoro-
propane (HFC-236ea), 1,1,1,3,3,3-hexafluoropropane (HFC-
236fa), 1,1,1,3,3-pentafluoropropane (HFC-245fa)and 1,1,1,
3,3-pentafluorobutane (HFC-365 mfc), as well as mixtures of
two or more thereof. These refrigerants may be appropriately
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selected depending on the purpose of use and the required
performance, but as preferred examples there may be men-
tioned HFC-32 alone; HFC-23 alone; HFC-134a alone; HFC-
125 alone; HFC-134a/HFC-32=60-80% by mass/40-20% by
mass mixture; HFC-32/HFC-125=40-70% by mass/60-30%
by mass mixture: HFC-125/HFC-1432a=40-60% by mass/60-
40% by mass mixture; HFC-134a/HFC-32/HFC-125=60%
by mass/30% by mass/10% by mass mixture; HFC-134a/
HFC-32/HFC-125=40-70% by mass/15-35% by mass/5-
40% by mass mixture; and HFC-125/HFC-134a/HFC-
143a=35-55% by mass/1-15% by mass/40-60% by mass
mixture. More specifically, there may be mentioned HFC-
134a/HFC-32=70/30% by mass mixture; HFC-32/HFC-
125=60/40% by mass mixture; HFC-32/HFC-125=50/50%
by mass mixture (R410A); HFC-32/HFC-125=45/55% by
mass mixture (R410B); HFC-125/HFC-143a=50/50% by
mass mixture (R507¢); HFC-32/HFC-125/HFC-134a=30/
10/60% by mass mixture; HFC-32/HFC-125/HFC-134a=23/
25/52% by mass mixture (R407¢); HFC-32/HFC-125/HFC-
134a=25/15/60% by mass mixture (R407E); and HFC-125/
HFC-134a/HFC-1432a=44/4/52% by mass mixture (R404A).

As saturated hydrofluorocarbons among HFC refrigerants,
there are preferred one or mixtures of two or more selected
from among difluoromethane (HFC-32), pentafluoroethane
(HFC-125), 1,1,2,2-tetrafluoroethane (HFC-134), 1,1,1,2-
tetrafluoroethane (HFC-134a), 1,1-difluoroethane (HFC-
152a), fluoroethane (HFC-161), 1,1,1,2,3,3,3-heptafluoro-
propane (HFC-227ea), 1,1,1,2,3,3-hexafluoropropane (HFC-
236ea), 1,1,1,3,3,3-hexafluoropropane (HFC-236fa), 1,1,1,3,
3-pentafluoropropane  (HFC-245fa) and  1,1,1,3,3-
pentafluorobutane (HFC-365 mfc), and from the viewpoint of
refrigerant properties there are especially preferred HFC-32,
HFC-125, HFC-134a, HFC-152a and mixtures of HFC-32
and HFC-134a.

As hydrocarbon refrigerants there are preferred C3-C5
hydrocarbons, specific examples of which include methane,
ethylene, ethane, propylene, propane, cyclopropane, n-bu-
tane, isobutane, cyclobutane, methylcyclopropane, 2-meth-
ylbutane, n-pentane, and mixtures of two or more thereof.
Preferred among these are refrigerants that are gases at 25° C.,
under 1 atmosphere, such as propane, n-butane, isobutane,
2-methylbutane, and mixtures thereof.

As specific examples of fluorinated ether-based refriger-
ants there may be mentioned HFE-134p, HFE-245mc, HFE-
236mf, HFE-236me, HFE-338mcf, HFE-365mcf, HFE-
245mf, HFE-347 mmy, HFE-347mcc, HFE-125, HFE-143m,
HFE-134m, HFE-227me and the like, and these refrigerants
may be appropriately selected depending on the purpose of
use and the required performance.

When the refrigerant used for the invention is a refrigerant
mixture, the refrigerant mixture preferably contains at least
one selected from among fluoropropene refrigerants (herein-
after referred to as “refrigerant (A)”) and at least one selected
from among saturated hydroftuorocarbon, C3-C5 hydrocar-
bon, dimethyl ether, carbon dioxide, bis(triffuoromethyl)sul-
fide and trifluvoroiodomethane refrigerants (hereinafter
referred to as “refrigerant (B)”).

When the refrigerant used for the invention is a refrigerant
mixture comprising refrigerant (A) and refrigerant (B), the
refrigerant mixture is preferably an azeotropic mixture, but it
does not need to be an azeotropic mixture so long as it has the
properties required as a refrigerant, and the mixing ratio of
both components is preferably 1:99-99:1 and more preferably
5:95-95:5.



US 9,321,948 B2

11

Also, when the refrigerant used for the invention is a refrig-
erant mixture comprising refrigerant (A) and refrigerant (B),
the refrigerant mixture may further contain an HFC refriger-
ant other than the fluoropropene refrigerant or saturated
hydrofiuorocarbon, a fluorinated ether-based refrigerant such
as a perfluoroether, a hydrocarbon other than a C3-C5 hydro-
carbon, or a natural refrigerant such as ammonia.

The refrigerating machine oil of the invention will nor-
mally be used in a refrigerating air conditioner in the form of
the aforementioned fluid composition for the refrigerating
machine, in admixture with the fluoropropene refrigerant
and/or the trifluoroiodomethane refrigerant, or the refrigerant
mixture. There are no particular restrictions on the mixing
proportion of the refrigerating machine oil and refrigerant in
the composition, and the mixing proportion of the refrigerat-
ing machine oil and refrigerant in the working fluid compo-
sition for a refrigerating machine of the invention, but the
refrigerating machine oil content is preferably 1-500 parts by
mass and more preferably 2-400 parts by mass with respect to
100 parts by mass of the refrigerant.

The refrigerating machine oil and working fluid composi-
tion for a refrigerating machine of the invention is preferably
used in an air conditioner or refrigerator with a reciprocating
or rotating hermetic type compressor, or in an open or closed
automobile air conditioner. The refrigerating machine oil and
working fluid composition for a refrigerating machine of the
invention may also be suitably used in cooling devices of
dehumidifiers, water heater, freezers, cold storage/refriger-
ated warchouses, automatic vending machines, showcases,
chemical plants and the like. The refrigerating machine oil
and working fluid composition for a refrigerating machine of
the invention may also be suitably used in devices with cen-
trifugal compressors.

EXAMPLES

The present invention will now be explained in greater
detail based on examples and comparative examples, with the
understanding that these examples are in no way limitative on
the invention.

Examples 1-9, Comparative Examples 1-4

For Examples 1-9 and Comparative Examples 1-4, refrig-
erating machine oils were prepared using base oils 1-13 listed
below. The properties of the obtained refrigerating machine
oils are shown in Tables 1-3.

(Base Oils)

Base oil 1: Ester of 2-ethylhexanoic acid and neopentyl glycol

Base 0il 2: Ester of 2-ethylhexanoic acid and trimethylolpro-
pane

Base oil 3: Ester of 2-ethylhexanoic acid and pentaerythritol

Base 0il 4: Ester of fatty acid mixture of 2-ethylhexanoic acid
and 3,5,5-trimethylhexanoic acid (mixing ratio (molar
ratio): 50/50) and pentaerythritol

Base 0il 5: Ester of fatty acid mixture of 2-ethylhexanoic acid
and 3,5,5-trimethylhexanoic acid (mixing ratio (molar
ratio): 50/50) and dipentaerythritol

Base 0il 6: Ester of fatty acid mixture of n-heptanoic acid and
3,5,5-trimethylhexanoic acid (mixing ratio (molar ratio):

15/85) and pentaerythritol
Base oil 7: Mixture of base oil 1 and base o0il 3 (mixing ratio

(mass ratio): base oil 1/base o0il 3=35/65)

Base oil 8: Mixture of base oil 1 and base o0il 4 (mixing ratio

(mass ratio): base oil 1/base oil 4=25/75)

Base oil 9: Mixture of base 0il 4 and base o0il 5 (mixing ratio

(mass ratio): base oil 4/base oil 5=75/25)
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Base oil 10: Ester of n-heptanoic acid and pentaerythritol

Base oil 11: Ester of fatty acid mixture of n-pentanoic acid,
n-heptanoic acid and 3,5,5-trimethylhexanoic acid (mixing
ratio (molar ratio): 45/10/45) and pentaerythritol

Base oil 12: Naphthenic mineral oil
Base oil 13: Polypropyleneglycol monomethyl ether

Each of the refrigerating machine oils obtained in
Examples 1-9 and Comparative Examples 1-4 was subjected
to an evaluation test in the following manner.

(Refrigerant Compatibility Evaluation 1)

Following the procedure outlined in “Refrigerant Compat-
ibility Test Method” under “Refrigerating machine Oils” of
JIS-K-2211, 2 g of refrigerating machine oil was combined
with 18 g of a refrigerant mixture of 2,3,3,3-tetrafluoropro-
pene and trifluoroiodomethane (mixing ratio (mass ratio):
2,3,3,3-tetrafluoropropene/trifluoroiodomethane=70/30),
and it was observed whether the refrigerant and refrigerating
machine oil mutually dissolved at 0° C. The results are shown
in Tables 1-3. In Tables 1-3, “compatible” means that the
refrigerant and refrigerating machine oil mutually dissolved,
and “separated” means that the refrigerant and refrigerating
machine oil separated into two layers.

(Refrigerant Compatibility Evaluation 2)

Following the procedure outlined in “Refrigerant Compat-
ibility Test Method” under “Refrigerating machine Oils” of
JIS-K-2211, 2 g of refrigerating machine oil was combined
with 18 g of 2,3,3,3-tetrafluoropropene, and it was observed
whether the refrigerant and refrigerating machine oil mutu-
ally dissolved at 0° C. The results are shown in Tables 1-3. In
Tables 1-3, “compatible” means that the refrigerant and
refrigerating machine oil mutually dissolved, and “sepa-
rated” means that the refrigerant and refrigerating machine
oil separated into two layers.

(Thermal/Chemical Stability Evaluation 1)

Following the procedure outlined in JIS-K-2211, 1 gofa
refrigerating machine oil prepared to a moisture content of
not greater than 10 ppm (initial ASTM color: 1.0.5)and 1 g of
a refrigerant mixture of 2,3,3,3-tetrafluoropropene and triflu-
oroiodomethane (mixing ratio (mass ratio): 2,3,3,3-tetrafluo-
ropropene/triffuoroiodomethane=70/30) were filled into a
glass tube together with a catalyst (iron, copper and alumi-
num wires), and then heated to 150° C. and stored for one
week for testing. After the test, the ASTM color of the refrig-
erating machine oil composition and the change in catalyst
color were evaluated. The ASTM color was evaluated accord-
ing to ASTM D1500. The change in catalyst color was deter-
mined by visual observation of the outer appearance, and
evaluation was made as “no change”, “no gloss” or “black-
ening”. The results are shown in Tables 1 to 3.

(Thermal/Chemical Stability Evaluation 2)

Following the procedure outlined in JIS-K-2211, 1 gofa
refrigerating machine oil prepared to a moisture content of
not greater than 10 ppm (initial ASTM color: 1.0.5)and 1 g of
2,3,3 3-tetrafluoropropene were filled into a glass tube
together with a catalyst (iron, copper and aluminum wires),
and then heated to 150° C. and stored for one week for testing.
After the test, the ASTM color of the refrigerating machine oil
composition and the change in catalyst color were evaluated.
The ASTM color was evaluated according to ASTM D1500.
The change in catalyst color was determined by visual obser-
vation of the outer appearance, and evaluation was made as
“no change”, “no gloss” or “blackening”. The results are
shown in Tables 1 to 3.
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TABLE 1

Example 1 Example 2 Example 3 Example4  Example 5

Base oil No. 1 2 3 4 5
Kinematic viscosity at 40° C. 73 24.1 453 68.3 244
(mm?/s)

Kinematic viscosity at 100° C. 2.0 4.2 6.3 8.3 19.2
(mm?/s)

Proportion of C5-9 fatty acids 100 100 100 100 100

among constituent fatty acids
of ester (% by mole)

Refrigerant compatibility 1 Compatible  Compatible Compatible Compatible Compatible
Thermal/  ASTM color L0.5 L0.5 L0.5 L0.5 L0.5
chemical (ASTM D1500)
stability 1 ~ Catalyst Cu No No No No No
appearance change change change change change
Fe No No No No No
change change change change change
Al No No No No No
change change change change change
Refrigerant compatibility 2 Compatible  Compatible Compatible Compatible Compatible
Thermal/  ASTM color L0.5 L0.5 L0.5 L0.5 L0.5
chemical (ASTM D1500)
stability 2 Catalyst Cu No No No No No
appearance change change change change change
Fe No No No No No
change change change change change
Al No No No No No
change change change change change
TABLE 2

Example 6  Example 7  Example 8  Example 9

Base oil No. 6 7 8 9
Kinematic viscosity at 40° C. 74.2 22.3 335 83.8
(mm?/s)

Kinematic viscosity at 100° C. 9.2 4.1 54 9.6
(mm?/s)

Proportion of C5-9 fatty acids 85 100 100 100

among constituent fatty acids of
ester (% by mole)

Refrigerant compatibility 1 Compatible  Compatible Compatible Compatible
Thermal/  ASTM color L1.0 L0.5 L0.5 L0.5
chemical (ASTM D1500)
stability 1 ~ Catalyst Cu No gloss No change  No change  No change
appearance  Fe No gloss No change  No change  No change
Al No change  Nochange  Nochange  No change
Refrigerant compatibility 2 Compatible  Compatible Compatible Compatible
Thermal/  ASTM color L0.5 L0.5 L0.5 L0.5
chemical (ASTM D1500)
stability 2 Catalyst Cu No gloss No change  No change  No change
appearance  Fe No gloss No change  No change  No change
Al No change  Nochange  Nochange  No change
TABLE 3

Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4

Base oil No. 10 11 12 13
Kinematic viscosity at 40° C. 21.8 33.2 56.1 50.2
(mm?/s)

Kinematic viscosity at 100° C. 4.7 5.8 5.9 9.9
(mm?/s)

Proportion of C5-9 fatty acids 0 45 — —

among constituent fatty acids

of ester (% by mole)

Refrigerant compatibility 1 Compatible  Compatible Separated ~ Compatible
Thermal/  ASTM color L4.0 L4.0 Dg.0 Dg.0
chemical (ASTM D1500)
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TABLE 3-continued
Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4
stability 1 ~ Catalyst Cu No gloss No gloss Blackening  Blackening
appearance  Fe Blackening  Blackening  Blackening  Blackening
Al No change  Nochange  Blackening Blackening
Refrigerant compatibility 2 Separated ~ Compatible Separated ~ Compatible
Thermal/  ASTM color L0.5 L0.5 L0.5 L0.5
chemical (ASTM D1500)
stability 2 Catalyst Cu No gloss No gloss No change  No change
appearance  Fe No gloss No gloss No change  No change
Al No change  Nochange  Nochange  No change

As clearly seen by the results in Tables 1-3, the refrigerat-
ing machine oils of Examples 1-9, when used with a fluoro-
propene refrigerant and/or a trifluoroiodomethane refriger-
ant, exhibited excellent refrigerant compatibility and thermal/
chemical stability.

INDUSTRIAL APPLICABILITY

The present invention is useful as a refrigerating machine
oil and a working fluid composition to be used in a refriger-
ating machine employing a fluoropropene refrigerant and/or a
trifluoroiodomethane refrigerant.

The invention claimed is:
1. A working fluid composition for a refrigerating machine
comprising

a refrigerating machine oil comprising an ester of a poly-
hydric alcohol and a fatty acid with a content of a C5-C9
branched fatty acid of 90-100% mole, wherein the poly-
hydric alcohol is selected from pentaerythritol and a
mixture of pentaerythritol and dipentaerythritol,
wherein the ester is not an ester of pentaerythritol with
both 2-ethylhexanoic acid and 3,5,5-trimethylhexanoic
acid, and wherein the content of the ester is at least 80%
by mass based on the total amount of the refrigerating
machine oil, and

arefrigerant, wherein the refrigerant consists of a tetrafluo-
ropropene refrigerant and optionally at least one refrig-
erant selected from saturated hydrofluorocarbons,
C3-CS5 hydrocarbon, dimethyl ether, carbon dioxide and
bis(trifluromethyl)sulfide.

2. A working fluid composition for a refrigerating machine

according to claim 1, containing at least one selected from

15 among 1,3.3 3-tetrafluoropropene and 2,3,3,3-tetratluoro-
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propene as the tetrafluoropropene refrigerant.

3. A working fluid composition for a refrigerating machine
according to claim 1, wherein

the tetrafluoropropene refrigerant is at least one selected
from among 1,3,3,3-tetrafluoropropene, 2,3,3,3-tet-
rafluoropropene, and 1,2,3,3-tetrafluoropropene,

the saturated hydrofluorocarbon is at least one selected
from among difluoromethane, pentafluoroethane, 1,1,2,
2-tetrafluoroethane, 1,1,1,2-tetrafluoroethane, 1,1-dif-
luoroethane, fluoroethane, 1,1,1,2,3,3,3-heptafluoro-
propane, 1,1,1,2.3 3-hexafluoropropane, 1,1,1,3,3,3-
hexafluoropropane, 1,1,1,3,3-pentafluoropropane and
1,1,1,3,3-pentafluorobutane, and

the C3-C5 hydrocarbon is at least one selected from among
propane, n-butane, isobutane, 2-methylbutane and
n-pentane.

4. A working fluid composition for a refrigerating machine
according to claim 1, wherein the optionally at least one
refrigerant is selected from C3-C5 hydrocarbon, dimethyl
ether, carbon dioxide and bis(trifluoromethyl)sulfide.

5. A working fluid composition for a refrigerating machine
comprising:

a refrigerating machine oil comprising an ester of a poly-
hydric alcohol and a fatty acid with a content of a C5-C9
branched fatty acid of 90-100% by mole, wherein the
polyhydric alcohol is selected from pentaerythritol, and
a mixture of pentaerythritol and dipentaerythritol,
wherein the ester is not an ester of pentaerythritol with
both 2-ethylhexanoic acid and 3,5,5-trimethylhexanoic
acid, and wherein the content of the ester is at least 80%
by mass based on the total amount of the refrigerating
machine oil, and

a refrigerant consisting of a tetrafluoropropene refrigerant.
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